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EssayKurt Wu¨thrich and
NMR of Biological Macromolecules
[5] (this structure is shown in Figure 2). Building on this
initial success, the Wu¨thrich group has continued land-
mark structure determinations, including the homeodo-
Nuclear magnetic resonance (NMR) spectroscopy is
the only experimental technique that can determine
the structures and dynamics of biological macromole-
cules and their complexes in solution and with atomic main-DNA complex [6], the cyclosporin-cyclophilin
complex [7], the prion protein [8], and the membraneresolution. The award of the 2002 Nobel Prize in Chem-
istry to Kurt Wu¨thrich of the Swiss Federal Institute of protein OmpX in water-soluble micelles [9]. Contempo-
raneously, the Wu¨thrich laboratory conducted forefrontTechnology and The Scripps Research Institute hon-
ors his pioneering efforts in developing and apply- studies of time-dependent processes in proteins, in-
cluding conformational fluctuations [10, 11], hydrationing this technique. Wu¨thrich shared the prize with
John B. Fenn and Koichi Tanaka, who were recognized [12], and folding [13], by utilizing the sensitivity of NMR
phenomena to conformational dynamics and chemicalfor the development of ionization methods for the anal-
ysis of proteins using mass spectrometry. kinetics.
Since 1985, the methods employed for biological NMR
spectroscopy have been expanded dramatically byIn the early 1980s, Wu¨thrich and coworkers developed
a conceptual framework for protein structure determina- Wu¨thrich and other researchers, to include, for example,
heteronuclear filters for selective identification of inter-tion in solution using NMR spectroscopy. By that time,
Fourier transform and multidimensional NMR methods molecular NOEs within biomolecular complexes [14],
heteronuclear isotope-edited and triple-resonance spec-had dramatically increased the resolution and sensitivity
of NMR spectroscopy [1] and made possible the appli- troscopy [15], measurements of residual dipole coupling
constants [16, 17], and transverse relaxation-optimizedcation of NMR to biological macromolecules. The ap-
proach pioneered by the Wu¨thrich laboratory was based spectroscopy (TROSY) for enhanced resolution and sen-
sitivity [18]. Nonetheless, the tripartite framework devel-on sequence-specific assignments of backbone and
side chain proton chemical shifts using scalar couplings oped by Wu¨thrich for the first protein structure determi-
nation by NMR spectroscopy remains the guidingand short-range nuclear Overhauser enhancements
(NOEs) [2], elucidation of structural restraints based pri- principle today. At present, over 2900 macromolecular
marily on distance estimates obtained from long-range
NOEs supplemented with dihedral angle and hydrogen
bonding information obtained from scalar coupling con-
stants and amide proton exchange rates [3], and struc-
ture reconstruction using distance geometry computa-
tional algorithms [4]. The first two-dimensional NOESY
spectrum of a protein, basic pancreatic trypsin inhibitor,
is shown in Figure 1. These efforts culminated in 1985
with the first solution structure determination of a pro-
tein, the proteinase inhibitor IIA from bull seminal plasma
Figure 2. Solution Structure of Proteinase Inhibitor IIA
Superposition of five structures calculated from NMR-derived con-
Figure 1. Contour Plot of a Proton Two-Dimensional NOESY Spec- straints; drawn from Protein Data Bank ID code 1BUS (top). Ribbon
trum of Basic Pancreatic Trypsin Inhibitor Recorded at 360 MHz diagram of the energy-minimized structure; drawn from 2BUS
(bottom).Reproduced from [3] with permission.
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12. Otting, G., and Wu¨thrich, K. (1989). Studies of protein hydrationstructures deposited in the Protein Data Bank, repre-
in aqueous solution by direct NMR observation of individualsenting approximately 16% of the total, have been deter-
protein-bound water molecules. J. Am. Chem. Soc. 111, 1871–mined by NMR spectroscopy.
1875.
Kurt Wu¨thrich revolutionized molecular understand- 13. Neri, D., Billeter, M., Wider, G., and Wu¨thrich, K. (1992). NMR
ing of protein structure, dynamics, and interactions in determination of residual structure in a urea-denatured protein,
the 434 repressor. Science 257, 1559–1563.solution through seminal contributions to NMR method-
14. Otting, G., and Wu¨thrich, K. (1989). Extended heteronuclear edit-ology and biological applications. The 2002 Nobel Prize
ing of 2D 1H NMR spectra of isotope-labeled proteins usingin Chemistry recognizes accomplishment of the vision,
X(1,2)-double-half-filter. J. Magn. Reson. 85, 586–594.first elucidated over 20 years ago, that solution NMR
15. Ikura, M., Kay, L.E., and Bax, A. (1990). A novel approach for
spectroscopy could be developed as a technique for sequential assignment of 1H, 13C and 15N spectra of larger pro-
atomic resolution determination of the structure and teins: heteronuclear triple-resonance three-dimensional NMR
spectroscopy. Application to calmodulin. Biochemistry 29,dynamics of biological macromolecules in solution.
4659–4667.
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